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ASSEMBLY METHOD 


The present invention relates to a method of locating assembly points in an 
assembly process, particularly but not exclusively, a method of marking out drilling 
5 locations in an industrial assembly process, such as aircraft assembly. 


In conventional large scale assembly processes such as are employed in the aircraft 
industry, or dockyards, there is a frequent requirement to fix parts to large structures. 

10 In the case of aircraft assembly, for example, a wing box for a wing of a large 
passenger liner may be up to 30 meters in length. Because of the great size of the 
structure, measuring a position on the structure to a high degree of accuracy is 
difficult to achieve. When a wing skin is to be fixed to such a wing box, and the two 
are clamped together prior to fixing, it is essential to determine accurately from the 

15 wing skin side of the structure where to drill attachment holes through the wing skin 
and into the supporting feet of a rib of the wing box. 

This process Is conventionally achieved in several separate operations. Firstly, guide 
holes of a smaller than final diameter may be drilled in the rib feet in the desired 

20 locations, prior to offering up the wing skin. Secondly, with the wing skin in place, 
pilot holes are drilled from inside the wing box outwards through the wing skin, in a 
process known as "back drilling". Thirdly, using the pilot holes, the position of the pre- 
drilled guide holes in the rib feet are estimated. Finally, drilling of assembly holes 
from the outside of the wing skin through the wing skin and into the supporting rib 

25 feet may be commenced. 

However, if the orientation of a guide hole, with respect to the local wing skin surface, 
is estimated insufficiently accurately, the assembly hole may not fully circumscribe 
the guide hole drilled in the rib foot. This results in a "pipped" hole. Consequently, it 
30 may be necessary to re-drill the hole using an oversized drill bit, in order to rectify the 
"pipped" hole. However, where the structure being assembled is a stressed 
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structure, the effect of oversized drilling may give rise to a reduced service life of the 
structure. 

Therefore, there is a need for a method of accurately marking out assembly 
5 locations, which overcomes one or more of the disadvantages of the prior art system. 

According to a first aspect, the invention resides in a method of locating an assembly 
point on a first part, through which the first part is to be joined to a second part, the 
method comprising the steps of: determining an assembly location in respect of the 

10 second part; the method being characterised by the steps of: measuring a portion of 
a surface of the first part spaced away from the second part so as to define the 
position and orientation of the surface; calculating the assembly point on the surface 
of the first part, where the surface of the first part is intersected by a vector passing 
between the determined assembly location and the surface of the first part; and, 

15 indicating the calculated the assembly point on the surface of the first part. 

Advantageously, the present invention gives rise to an effective method of accurately 
identifying the correct point through which a first part is to be fixed to, or assembled 
with a further part. Using a method of the invention, an assembly hole, for example, 
20 may be drilled at the correct location and angle on the surface of the first part so that 
the assembly hole passes accurately through a chosen assembly point of the further 
part at the desired angle. Thus,, the method of the present Invention reduces the 
possibility of inaccurate drilling, or other fixing process, which might otherwise cause 
defects in the parts being fixed, or potentially cause them to be scrapped. 


Furthermore, the invention allows the time required for completing an assembly 
processes to be reduced, since by using the method of the invention there is no 
reliance on "back drilling" in order to identify the correct assembly point on the first 
part. 


According to a second aspect, the invention resides in a method of locating an 
assembly point on a first part, through which the first part is to be joined to a 
second part, the method comprising the steps of: determining an assembly 


25 


30 
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location in respect of the second part; offering up the first part for assembly with 
the second part, the first part overlying the determined assembly location; the 
method being characterised by the steps of: measuring a portion of a surface of 
the first part spaced away from the second part so as to define the position and 
5 orientation of the surface; calculating the assembly point on the surface of the first 
part, where the surface of the first part is intersected by a vector passing between 
the determined assembly location and the surface of the first part; and, indicating 
the calculated the assembly point on the surface of the first part. 

10 The method may further comprise the step of determining a reference position fixed 
relative to the second part. Optionally, the steps of determining the assembly location 
and measuring and determining the reference position are performed by a 
measuring device located In a first position, and the steps of measuring and 
determining the reference position and step of measuring a portion of a surface of 

15 the first part is performed by the or another measuring device in a second position. 
The steps of measuring from the first and second positions may be performed 
subsequent to the further step of offering up the first part for assembly with the 
second part, the first part overiying the determined assembly location. 

20 Preferably, the present invention is implemented using a non-contact technique or 
device, such as a laser tracker, in order to define the positions of assembly points on 
the second part. It is also preferable that, the same device such as a laser tracker is 
used in order to: measure the position and orientation of the first part when overiying 
the second part; to calculate the position of the assembly points on the surface of the 

25 first part; and, to indicate their calculated positions. 

Advantageously, this gives rise to the ability to rapidly, and in a single operation, 
identify and store in a memory associated with the device, such as a laser tracker, 
the positions of many locations on one of the parts to be assembled. Thus, the speed 
30 of the assembly operation may be greatly increased over that of prior art methods. 
Furthermore, the positions and orientations measured in one step of the method may 
easily be used in subsequent steps of the method, further increasing the accuracy 
and speed of operation. 
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Optionally, at least one measuring step or the step of indicating is performed by a 
measuring device of known position. Conveniently, the step of determining an 
assembly location further comprises the step of measuring the vector and the 
5 distance to a datum position associated with the second part from a measuring 
device of known position and determining the position of the assembly location 
relative to the measured datum position using stored CAD data. 

Optionally, the method further comprises the step of verifying that the position and 
10 orientation of the surface of the first part relates in a predetermined manner to the 
position and orientation of the surface of the second part local to the determined 
assembly location. 

The step of determining the assembly location may be carried out using a retro- 
15 reflector supported relative to a guide hole located in the second part. 

The at least one measuring step or the step of indicating may be carried out using a 
non-contact technique. Advantageously, the at least one measuring step or the step 
of indicating may be carried out using a laser tracker device. 

20 

Optionally, the method further comprises the step of drilling an assembly hole at the 
indicated assembly point. 

The method may further comprise the step of welding at the indicated point. 

25 

The present invention also extends to products manufactured by the process of the 
present invention, such as multi-component structures, aircraft, wings for aircraft and 
marine structures such as ship hulls. Furthermore, the present invention also 
extends to a computer program and a computer program product which are arranged 
30 to implement the system of the present invention. 

Other aspects and embodiments of the invention, with corresponding objects and^ 
advantages, will be apparent from the following description and claims. A specific 
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embodiment of the present invention will now be described by way of example only, 
with reference to the accompanying drawings, in which: 

Figure 1 is a schematic perspective view of a foot of a wing box rib prior to 
assembly with a wing skin; 
5 Figure 2 shows a side view of a retro-reflector supported by an adapter 

positioned in a pre-drilled guide hole in the rib foot of Figure 1 ; 

Figure 3 shows a schematic perspective view of the supporting surface of the rib 
foot of Figure 1 with the surface plane of the rib foot defined; 

Figure 4 shows a fragmentary view of the outer surface of a wing skin, offered up 
10 in position for fixing to the rib foot of Figure 1 prior to being drilled; 

Figure 5 shows a schematic perspective view of Figure 4, where the underiying 
rib foot is also shown, with a drill point on the wing skin being indicated; 

Figure 6 shows a schematic perspective view of a rib foot in place against a wing 
skin prior to being attached to the wing skin from a position behind the wing skin; and 
15 Figure 7 shows a schematic perspective view of Figure 6, but from a position in 

front of the wing skin, the position of the now-hidden rib foot also being indicated. 

Referring to Figure 1, a single rib foot 1 of a rib of an aircraft wing box is illustrated. 
The upper surface 3 of the rib foot 1 is planar. As can be seen from the figure, four 

20 guide holes 1a, 1b. 1c and Id have been drilled in the rib foot 1 in the desired 
locations of the final assembly holes, used for securing the wing skin. The guide 
holes la-Id are drilled using a conventional drilling block (not shown) which is used 
to ensure that the guide holes are drilled perpendicular to the surface 3 of the rib foot 
1. The diameter of the guide holes 1a-1d are drilled to a close tolerance. This 

25 ensures that their location may be accurately established prior to offering up the wing 
skin (not shown), as is described below. 

Establishing the positions of the guide holes 1a-1d is achieved in this embodiment 
using a laser tracker device and retro-reflector, or corner cube, system. The laser 
30 tracker may be the Leica LTD500, which is available with suitable retro-reflectors and 
suitable operating software such as "AXYZ" from Leica Geosystems Ltd.. Davy 
Avenue. Knowlhijl. Milton Keynes, MK5 8LB. UK. 
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As is well known in the art of metrology, a laser tracker device is able to measure a 
position in three dimensions, measured in terms of azimuth elevation and distance, 
using a steerable mirror and a laser interferometer distance measurement system. 

5 The position measured by the laser tracker is defined by the location of a retro- 
reflective target, known as a retro-reflector or comer cube, which reflects light 
incident on the target by 180°. both in terms of azimuth and elevation, independently 
of its angle of incidence. As is well known in the art, the retro-reflector is set in a 
mount having a spherical outer surface. Thus, knowledge of the diameter of the 

10 retro-reflector and mount allows the distance between the laser tracker and the 
centre of the retro-reflector to be correctly calculated. 

Referring to Figures 2 and 3, the method of establishing the positions of each of the 
guide holes 1a-1d in the present embodiment will now be described. 

15 

Prior to measuring the positions of the holes 1a-1d, the wing box is rigidly secured in 
a suitable jig, such that it is not free to move, or subject to changing ambient 
conditions. This ensures that the positions and orientations of the guide holes 1a-1d 
are fixed and stable and will not vary during the implementation of the method of this 
20 embodiment. 

The laser tracker (not shown) is also set up in a measurement station, ensuring that 
its position and datum orientation do not vary with respect to the wing box. 
Additionally, the laser tracker is set up such that it has a direct line of sight to each of 
25 the portions of interest of the wing box. 

As can be seen from Figure 2, an adapter 21 is located in hole la of the rib foot 1. 
The adapter 21 consists of a pin 21a and a cup 21b. The pin 21a is accurately 
machined to be cylindrical in form and be a close fit in the guide hole la. Thus, the 
30 adapter is arranged to be received by the guide hole la to a predetermined depth. 
The cup 21b of the adapter 21 is accurately formed to hold a retro-reflector 22 of 
corresponding diameter in a set position relative to the pin 21a. 
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Thus, when a retro-reflector 22 is positioned in the adapter cup 21 b, the centre of the 
retro-reflector 22 is located a known distance "d" fronn the surface 3 of the rib foot 1 
and is located on the line of the longitudinal axis of the hole 1a, i.e. the retro-reflector 
22 is located centrally over the guide hole la. 

5 

Using the laser tracker (not shown) in tracker mode, the retro-reflector 22 Is moved 
from its calibrated datum position on the laser tracker (known as the bird bath) until it 
is located in the cup 21b of the adapter 21 as shown in Figure 2. The position of the 
retro-reflector 22, as measured by the laser tracker, is then recorded. This may be 
10 done either using the point measurement mode on a laser tracker such as the 
LTD500. or manually. 


This point in 3D space is indicated relative to hole la in surface 3, in Figure 3, and is 
referenced la'. 

15 

It will be appreciated that the recorded position of la' (i.e. that of the centre of the 
retro-reflector 22) is a known distance normal to the surface 3 of the rib foot 1 (shown 
in Figure 1). positioned along the longitudinal axis of the hole 1a. This distance "d" 
shown in Figures 2 and 3 corresponds to the distance between the base of the 
20 adapter cup 21b contacting the retro-reflector 22 and the surface 3 plus the radius of 
the retro-reflector 22. 


It will also be appreciated that the position of the point la' is measured to three 
degrees of freedom only. That is to say that it gives no information on the orientation 
25 of the hole la in the surface 3, relative to the measured point la'. However, by 
repeating the above procedure with two further rib foot holes, in this case holes 1 b 
and 1c, as shown in Figure 3. two further equivalent points lb' and 1c' are located. 
The three points 1a'-1c' define a plane 30 in which each measured point is located, 
which is parallel to surface 3 of the rib foot 1 . 

30 

The plane 30 is offset in a known direction from the surface 30 of rib foot 1 by 
distance "d", as explained above. Thus, the orientations as well as the positions of ^ 
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the holes 1a-1c may be calculated, being located a given distance, "d", from their 
respective measured points 1a'-1c' in a known direction normal to plane 3. 

The position and orientation of the remaining hole 1d may then also be calculated in 
5 a similar manner. 

It will be appreciated that the plane 30 may alternatively be derived by measuring the 
positions of four or more holes in the same manner as described above and using a 
least mean squares algorithm to define the plane 30. 


Furthermore, in the event that the surface 3 is non-planar it would also be possible to 
generate a non-planar surface equivalent to claim 30 by measuring a large number 
of positions on the surface. A surface could then be fitted to the measured positions 
using a conventional mathematical method. From such a non-planar surface, 
15 positions and orientations of the guide holes 1a-1d may be established as described 
above. 

When the position and orientation of each guide hole required has been established, 
the wing skin may be offered up and clamped in place relative to the wing box in a 
20 conventional manner, for assembly. During the offering up procedure, the combined 
wing box/wing skin structure should be held fixed and stable. 

When the wing skin is clamped in position, the wing skin may be assumed to be 
locally planar where it overiies each rib foot. However, as the wing profile is curved, 

25 the orientation of the outward surface (surface 3 of the rib foot 1 ) of two given rib feet 
may not be co-planar. Thus, in order to drill through the wing skin coaxially with a 
given guide hole behind the wing skin, the orientation of the rib foot, or local wing 
skin surface must be allowed for Additionally, the thickness of the wing skin alters 
the apparent drilling point on the wing skin where the marking out method views the 

30 drilling point from a position which is not on the longitudinal axis of the relevant guide 
hole. 


10 


4 
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Referring to Figures 4 and 5, the process of locating drilling locations on the outside 
of the wing skin which allows for drilling coaxially with the guide holes 1a-1d, taking 
into account the thickness and orientation of the wing skin surface will now be 
described. 

5 

Figure 4 shows schennatically a fragmentary perspective view of the upper surface 
40a of a wing skin 40, offered up to the wing box and overlying rib foot 1 (not shown), 
prior to drilling the assembly holes. 

10 In the same manner as previously described for finding the positions and orientations 
of holes 1a-1d, the equation of the plane defined by the outer surface 40a of the wing 
skin 40 locally overlying the rib foot 1 is determined. That is to say, using the laser 
tracker in tracker mode, the retro-reflector 22 is moved from It calibrated datum 
position to a position contacting the surface 40a of the wing skin 40 overlying the rib 

15 foot 1, where a point measurement is taken, as previously described. This point is 
referenced 42a in Figure 4. To this end. as the laser tracker has stored the position 
of the holes 1a-1d in the rib foot 1, it can be used to indicate a first approximate 
position of the outer surface 40a of the wing skin 40 that overlies the rib foot 1 . 

20 Two or further point measurements, referenced 42b and 42c, are taken on the same 
region to define three or more non-collinear points defining a plane 43 offset from the 
wing skin surface 40a, as shown in Figure 4. 

The local planar surface of the wing skin 40 lies parallel to, and is offset from, the 
25 plane 43 in a known direction by the radius Y" of the retro-reflector 22. 

Thus, the equation of the plane 43, defining the outside surface 40a of the wing skin 
40, can be defined using standard geometrical techniques. 

30 The equation of the plane 43 is then compared to the equation defining the plane 3 
of the supporting surface of the rib foot 1. If the wing skin has been correctly offered 
up for fixing, the two planes should be parallel, offset by the thickness of the wing^ 
skin. If this is not the case (i.e. "gapping" has occurred between the rib foot 1 and the 
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wing skin) and the discrepancy lies outside the acceptable tolerance, the process of 

offering up may be repeated. 

Having defined the equation to the plane 43, and verified that the process of offering 
5 up has been correctly carried out, the drilling points to be marked in the upper 
surface 40a of the wing skin 40 are calculated. This is done in the following manner. 

Referring to Figure 5, a schematic perspective view of the wing skin 40 of Figure 4 is 
illustrated, together with the supporting rib foot 1 . For each guide hole 1a-1d, a vector 
10 is calculated, using standard geometric techniques, which passes through the centre 
of the guide hole along its longitudinal axis, and is normal to the local surface of the 
wing skin; i.e. plane 43, as is shown in Figure 4. This vector, for hole 1a is illustrated 
by arrow "N" in Figure 5. 

15 Where the vector "N" intersects the plane 43, a drilling point is defined on the wing 
skin surface 40a. Again standard geometric techniques are used to calculate the 
intersection of the plane 43 by the vector "N". This point is referenced "P" in Figure 5. 
Additionally, vectors (not shown) are computed from the laser tracker location, 
passing through each drilling point "P". 

20 

The laser tracker is then used to orientate the laser along each of these calculated 
vectors in turn, so that the laser falls on the projected location "P" for each drilling 
point which has been calculated. 

25 An operator may then mark with a pencil cross, or using another suitable marking 
method, the drilling points, as indicated by the projected laser spot. 

Finally, a drilling operation is undertaken to drill at an angle normal to the local wing 
skin surface, through the wing skin at each marked drilling point. This is achieved 
30 using a conventional drilling block as previously described. 

When the wing skins have been assembled with the wing box, using the method of v 
the present embodiment, to form a completed wing assembly, two such wing 
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assemblies may be mounted on an aircraft fuselage, to form an aircraft in the 
conventional manner. 

It will be appreciated that in the present embodiment, instead of establishing the 
5 equation of the plane of the outer surface of the wing skin locally overlying each rib 
foot using a point measurement mode, it is possible to use the laser tracker in 
continuous mode (where many position measurements are made every second), 
tracking a retro-reflector which is held continuously in contact with the outer surface 
of the wing skin and "zig-zagged" across the surface. Thus, it is possible to obtain 
10 rapidly enough measurements to determine the position and orientation of any part 
of a large portion of the outer surface of the wing skin in one operation. Then, as 
previously described, vectors may be calculated from the centre points of each guide 
hole, nomnal to the local surface of the wing skin. 

15 It will also be appreciated that it is not necessary to calculate the orientation as well 
as the position of points la-Id in order to implement the invention, since a point 
known to three degrees of freedom is sufficient in order to determine the vector "N" 
which passes through that point and intersects the wing skin at an angle normal to 
the local wing skin surface. However, by calculating the orientation as well as the 

20 position of the points la-Id, a check that the surface 3 of rib foot 1 and the surface 
40a of the wing skin are co-planar may be made, as described above. Thus, it is 
possible, using the method of the present embodiment, to verify that the wing skin 
has been correctly offered up to the wing box prior to assembly. 

25 Alternatively, the present invention may be used according to a second embodiment 
to mark out positions on a wing skin 40 corresponding to the underlying holes 1a-1d 
in a rib foot 1 where the wing skin 40 has previously been offered up to the rib foot 1 . 
Referring to Figures 6 and 7, the laser tracker is positioned to the rear of the rib foot 
1 in a first location. At this point, the wing skin 40 has already been offered up to the 

30 rib foot 1 and so is in situ. The adapter 21 and retro-reflector 22 are subsequently 
moved between three reference positions 50a-50c that are visible both from in front 
of the rib foot 1 in the direction marked "A" and behind the rib foot 1 in the direction^ 
marked "B". The three reference positions 50a-50c are measured by the laser tracker 


XA1 227s PCX — ^' ■ " " - - 

m • 

^ 12- 

in the same manner as previously described for the first embodiment and used to 
define a reference frame 51 as follows. 

The first reference position 50a is taken to be the origin of a reference coordinate 
5 system defining the reference frame 51. The vector between the first reference 
position 50a and the second reference position 50b (Vab) is calculated and taken as 
the X-axis of the reference coordinate system. The third reference position 50c will lie 
somewhere on the xy-plane of the reference coordinate system, so the vector 
between the first reference position 50a and the third reference position 50c is 
10 calculated (Vac) and the cross product of Vab and Vac calculated. By definition, the 
cross product must give a vector defining the z-axis of the reference coordinate 
system. Finally, the y-axis is calculated by taking the cross product of the z-axis and 
x-axis. 

15 The coefficients of the x-, y- and z-axes are then nomnalised to produce unity vectors 
and a first 4x4 matrix is formed that comprises the unity vectors of the x-, y- and z- 
axes in the first three rows of the first three columns, the fourth column comprising 
the coordinates of the first reference position 50a (the origin). The first three columns 
of the fourth row are set to zero and the fourth column of the fourth row is set to 

20 unity. This first 4x4 matrix can now be used to convert any position measured by the 
laser tracker from its first position into a position within the reference coordinate 
system. 

With the first 4x4 matrix defined, the adapter 21 and retro-reflector 22 are then 
25 placed in one or more of the holes 1a-1d in the rib foot 1 and their positions 52 
measured by the laser tracker. As before, the position 52 measured by the laser 
tracker is the position of the centre of the retro-reflector, and this position is a 
distance "d" from the back surface of the rib foot on the desired hole axis. If required, 
the first 4x4 matrix relating the first laser tracker position to the reference coordinate 
30 system could be used to define the measured hole positions 1a-1d with respect to 
the reference coordinate system. 
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The laser tracker is then moved to the front of the rib foot 1 to a second position. 
From this second laser tracker position, the rib foot 1 is hidden behind the wing skin 
40. The adapter 21 and retro-reflector 22 are nnoved between the same three 
reference positions 50a-50c which still define the same reference frame 51, and their 

5 positions measured by the laser tracker in the same way. The same process 
described above is performed to define the reference coordinate system, and a 
second 4x4 matrix formed as described above. In this case, the second 4x4 matrix 
relates the positions measured by the laser tracker in the second position to the 
reference coordinate system rather than relating the positions measured by the laser 

10 tracker in the first position to the reference coordinate system, a function the first 4x4 
matrix performs. 

The positions of the holes la-Id of the rib foot 1 that the laser tracker measured from 
its first position behind the rib foot 1 and wing skin 40 can now be calculated relative 

15 to its new second position in front of the rib foot 1 and wing skin 40. This is achieved 
by forming a third 4x4 matrix relating the hole positions measured in the first laser 
tracker position to hole positions relative to the second laser tracker position: this 
third 4x4 matrix is formed by multiplying the second 4x4 matrix with the inverse of the 
first 4x4 matrix. The positions of the holes measured in the first laser tracker position 

20 are then pre-mulfiplied by the third 4x4 matrix (by forming a four element matrix 
containing the x-, y- and z-posifions of the measured positions, with the fourth 
element set to unity) to obtain the positions of the holes relative the second laser 
tracker position. 

25 The required positions on the outer surface 40a of the wing skin 40 corresponding to 
each measured hole 1a-1d are indicated in turn as follows. It should be remembered 
that these points are geometrically connected to the measured hole position by a line 
that extends perpendicular to the outer surface 40a of the wing skin 40. 

30 The retro-reflector 22 is moved from the laser tracker bird bath and placed in contact 
with the outer surface 40a of the wing skin 40 and rubbed over the outer surface 40a. 
The laser tracker continuously tracks the retro-reflector 22 and software continuously 
calculates the distance from the retro-reflector position to the hole position and 
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displays this distance on a display. The retro-reflector 22 is manually rubbed across 
the surface so that this distance is minimised. The minimised position is then set as 
the origin for a local coordinate system that will reflect the local skin curvature. As the 
minimum distance has been found, this origin will be on a perpendicular line from the 
5 outer surface 40a of the wing skin 40 that passes approximately through the hole 
position (i.e. the centre of the hole 1a-1d at the rear plane of the rib foot 1 ). However, 
the origin may still fall outside of an acceptable tolerance for accuracy the local 
curvature of the outer surface 40a of the wing skin 40 is relatively small. 

10 An improved position is found by using local coordinate system. This is defined by 
moving the retro-reflector 22 a short distance (say 10 mm) in a direction 
corresponding to the desired x-axis of the local coordinate system. The position is 
measured, a vector from the origin calculated and this then defines the x-axis. An 
approximate y-axis defining the xy-plane and not the true orthogonal y-axis is defined 

15 in the same way. The x-axis and approximate y-axis need not be orthogonal. The 
local coordinate system is then calculated using the local origin and the local x-axis 
and approximate y-axis in the same way that the reference coordinate system was 
calculated earlier. This local coordinate system embodies the local curvature of the 
outer surface 40a of the wing skin 40 by definition. In a manner analogous to those 

20 described above, positions known relative to the laser tracker's second position can 
be transformed into the local coordinate system. 

The required position on the outer surface 40a of the wing skin 40 is found by placing 
the retro-reflector 22 against the outer surface 40a once more and rubbing the retro- 

25 reflector 22 over the outer surface 40a. The laser tracker, which remains in its 
second position, takes a measurement of the position of the retro-reflector 22 every 
50 ms and. for each new reading, resets the origin of the local coordinate system to 
the new position and recalculates the local coordinate system transformation 
accordingly. This is done simply by translating the old origin to the new origin 

30 position. It is assumed that the curvature of the outer surface 40a of the wing skin 40 
remains flat over the local area, thereby obviating the need for any rotation of the 
local coordinate frame axes with the translation. 
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The hole position previously measure at the first laser tracker position is then 
transformed into the local coordinate system: if the retro-reflector 22 is at the correct 
position, the transformed hole position will have zero x and y coordinates, being 
displaced only in the perpendicular z direction. Otherwise, the x and y coordinates 

5 indicate the distance in x and y that the retro-reflector 22 is away from the desired 
point. This distance information can either be displayed so that the retro-reflector 22 
can be manually moved to the desired point or, if the retro-reflector 22 is being held 
in a motorised table, can be used to drive the retro-reflector 22 to the desired point. 
The desired point may then marked on the outer surface 40a of the wing skin 40. 

10 Alternatively, an operation such as drilling may be performed straight away at that 
location. For example, where the retro-reflector 22 Is being held in a motorised table, 
the retro-reflector 22 may be removed and a drill bit used to drill at that location using 
a drill block. The drill will thus enter the outer surface 40a of the wing skin 40 
perpendiculariy and at a point that ensures it will emerge from the rear of the rib foot 

15 1 through the exact centre of the corresponding hole 1a-1d. 

It will be understood that the calculations described above in relation to the second 
embodiment of the invention could equally well be used in the first embodiment of 
the invention. 

20 

It will be clear from the foregoing that the above described embodiments are merely 
examples of how the invention may be put into effect. Many other alternatives will be 
apparent to the skilled person which are within the scope of the present invention. 

25 For example, although the above embodiments have been described with reference 
to a method of marking out the locations for drilling, it will be appreciated that it may 
also be used in conjunction with various other assembly methods, such as welding. 

Furthermore, although in the above embodiments guide holes were drilled in order to 
30 obtain position information as to where the assembly holes subsequently drilled 
through the wing skin should be located, other methods of achieving this function 
may instead be employed. For example, instead of using an adapter to locate a ^ 
retro-reflector at a known offset from a guide hole, "land finders" or jigs, supporting a 
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retro-reflector in a position with a known correspondence to a desired drilling location 
could be temporarily held in a predetermined position in relation to the rib feet. In this 
manner, the guide hole drilling operation may be dispensed with, thus obviating the 
possibility of causing "pipped" holes and reducing the time taken to complete the 
5 assembly operation. 

Additionally, an operator may take measurements with the laser tracker of a 
reference coordinate system prior to the assembly operation. This allows the 
operator the possibility of repeating the measurement of the reference coordinate 

10 system during the assembly operation in order to verify that neither the tracker, nor 
the assembly has moved from their initial positions. Furthermore, by doing this, a 
single tracker may be moved between several measurement stations and 
subsequently brought back to an eariier measurement station in order to cover a 
large assembly process. In such a process, the difference in location between 

15 measurement stations of the laser tracker may be detected using known datum 
positions and thus compensated for. This may be required in the assembly operation 
of a large structure, for example an aircraft or ship. 

The skilled reader will realise that the present invention may also be implemented 
20 using CAD data for the parts to be assembled. In such an embodiment, for a non- 
compliant structure it is only necessary to measure selected datum locations relative 
to a first part prior to the offering up the second or further parts for fixing. The CAD 
data may then be used to determine the assembly locations on the first part, relative 
to the located datum points, without requiring each assembly point to be individually 
25 measured. Furthermore, by measuring further datum locations relating to the part or 
parts offered up to the first part for fixing, CAD data may be used in order to define 
the surface position and orientation of the parts offered up. Thus, by using CAD data, 
the number of measurement which are required to be made may be greatly reduced, 
thus reducing the time required to carry out the process. 


The skilled reader will also appreciate that the present invention may also be put into 
effect using metrology equipment other than a laser tracker. For example, in a given* 
application, if the distances being measured and the accuracy required permits, a 
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laser striper may instead be used, or indeed any measurement technique using a 
programmable laser pointer, or equivalent device. Such an implementation of the 
present invention may provide a cost and time efficient method of marking out 
assembly locations in industries where typically the component sizes, and hence 
measurement distances, are reduced. For example, the automobile industry. 


